Zinnia elegans Jacquim is a species of big cutting and ornamental potential, but its seeds have low germination percentage. This study aimed to establish a protocol for in vitro germination and water content for the cryopreservation of seeds. The length, width, thickness, and weight of one thousand seeds were determined. MS and WPM culture mediums, as well as the concentrations of gibberellic acid (GA 3 ) were tested regarding in vitro culture. For cryopreservation, the seeds were subjected to drying on silica gel or laminar flow for different times. Then, the seeds were stored in liquid nitrogen (-196° C) for 24 hours. After this period, the seeds were thawed and inoculated into culture medium. The biometric results of seeds showed 8.6 mm average length, 4 mm width, and 0.9 mm thickness. The weight of one thousand seeds was 851 mg, characterizing them as small, lightweight, and easy to disperse. The use of MS medium with no addition of GA 3 enhanced germination (67%). The initial moisture content of Z. elegans seeds was 9%. Seeds subjected up to 2 hours of drying in both treatments obtained 23% germination in silica gel and 19% in laminar flow. Z. elegans seeds may be desiccated by 4% moisture content and cryopreserved with no loss of germination potential. Keywords: In vitro conservation, ornamental plant, tissue culture.
INTRODUCTION
The production of flowers and ornamental plants has been increasing in Brazil in recent years due to the enlargement of consumption in developed countries, mostly because of the expansion in Brazilian domestic market (MELO et al., 2014) . According to the estimates of Instituto Brasileiro de Floricultura (IBRAFLOR, 2013) , the growth of the floriculture sector was from 10 to 15% in the last years, revolving around 4.4 billion Brazilian reals a year. Therefore, it requires more and more investment in technology and farming techniques to maximize the ornamental flower production seeking phytosanitary quality and long-term investment in storage of species with high annual demand, thus, increasing the production of seedlings, leaves, and flowers which satisfactorily meet the market requirements.
Among ornamental plants with cutting potential, Z. elegans stands out since it presents a wide variety of colors, flowers, and petal format (TORRES, 1963) as well as the possibility to be grown throughout the year (STIMART et al., 1987) . Guimarães et al. (1998) indicate in their studies that it is difficult to obtain Z. elegans seeds with high vigor and uniform physiological age because they have a long flowering period, specially taking into account that inflorescences of different age and size are harvested together. Owing to this, Z. elegans seeds usually have low germination percentage notedly when it is directly sowed on field. In such conditions, the highest germination and vigor were achieved after 50 days following anthesis with 45% germination (GUIMARÃES et al., 1998) . Thus, the use of in vitro cultivation techniques may improve the germination rate in a shorter period of time, using less space to obtain more uniform seedlings and better phytosanitary quality (CARVALHO et al., 2012) . Studies on the biometric aspects, physiological potential, and sanitary status of a seed sample along with the modifications that may occur in germination and water content during the development are of great importance both for the propagation and long-term storage (GUIMARÃES et al., 1998; OLIVEIRA et al., 2012) . As a strategy for long-term storage, the cryopreservation technique stands out. It consists of keeping biological material alive for an indefinite period of time in an ultra-low temperature (from -150º C to -196º C) (ENGELMANN, 2011) .
The cryopreservation provides advantages such as totally inhibiting chemical reactions which may hazard cells (MAZUR, 1984) as well as the action of internal and external agents that may affect the integrity of seeds, maintaining the genetic integrity of conserved material, too (STANWOOD, 1985) . It is an alternative to preserve species which are kept in field collections, botanical gardens, nature reserves or in in vitro conservation systems with plants in controlled growth regimen ((SARASAN et al., 2006; PÉREZ-MOLPHE-BALCH et al., 2012) . In face of the above mentioned, the aim was to establish a protocol for in vitro germination and the determination of the water content limit for the cryopreservation of Z. elegans seeds.
MATERIAL AND METHODS
Seeds were collected between November and December 2012 in Floresta Nacional de Ritapólis (FLONA) in Ritapólis, MG, Brazil, during natural maturation and dispersal of seeds. After collecting, the weight of one thousand seeds was determined according to Regras para Análise de Sementes (BRASIL, 2009) using a 0.05 mm digital caliper to accurately determine length, width, and thickness of 100 seeds. The means and standard deviation were calculated for each parameter.
Seeds were taken to the laminar flow chamber, immersed in 70% alcohol for 1 minute and, afterwards, in sodium hypochlorite solution (NaOCl) with 1% active chlorine for 10 minutes. Subsequently, seeds were rinsed three times with distilled water, and inoculated in different culture medium. MS (MURASHIGE and SKOOG, 1962) medium and Woody Plant Medium (WPM) (LLOYD and MCCOWN, 1981) were used. It was also tested five concentrations of giberellic acid (GA 3 ) (0.0; 5.57; 11.54; 17.31; 23.08 µM) supplied to MS medium, added with 30 g L -1 sucrose and 7 g L -1 agar. The pH of the medium was adjusted to 5.8 before autoclaving at 121º C during 20 minutes. After inoculation, seeds were kept in growth chamber at 36 μmol m -2 s -1 photons irradiance, 25° C ± 2° C temperature, and 16-hour photoperiod. Each treatment consisted of 25 seeds and the evaluation of germination was carried out in 2-day intervals for 45 days recording the percentage of seeds with 2 mm rootlets in each treatment and the Germination Speed Index (GSI) calculated according to Maguire (1962) .
Seeds had initial moisture content determined by the method of fast drying in an oven at 105º C ± 2º C temperature for 24 hours (BRASIL, 2009), using five subsamples with 10 seeds each one. Seeds were subjected to drying in silica gel (100g) and laminar flow for different periods of time (0, 1, 2, and 3 hours). Twentyfive seeds were used for each treatment. Ten seeds out of 25 were placed in cryotubes and immersed in liquid nitrogen (LN) (-196º C) for 24 hours, ten seeds were laid on MS medium (germination control), and five were used to determine water content. After 24 hours in LN, seeds passed through the heating process in a water bath at 38º C ± 2º C temperature for four minutes. Then, inoculated in MS medium and kept in growth chamber under 36 μmol m -2 s -1 irradiance, 16-hour photoperiod, and 25° C ± 2° C temperature. The evaluation of the germination was carried out along 45 days recording the percentage of seeds with 2 mm rootlet in each treatment.
A completely randomized design was used. Analysis of variance was performed with SAS ® statistical software (SAS, 1993), comparing the frequencies by Fischer's exact test at 5% probability.
RESULTS
Regarding seeds biometry, they had 8,6 ± 0,910 average length (mm) and standard deviation, 4,0 ± 0,475 width, 0,9 ± 0,193 thickness. It was observed that the standard deviation values were relatively low, indicating the high homogeneity of the sample. Seeds had dry integument with visible and light hila, oblong geometric shape and brown color (Figure 1 ). The weight of one thousand seeds was 0,851g ± 0,048, characterizing them as small, lightweight, and ease to disperse as described in Regras para Análise de Sementes (BRASIL, 2009) .
Results showed that MS medium presented higher germination percentage (66.67%) for Z. elegans seeds (Figure 2) .
Z. elegans seeds germinated in MS medium from the 13 th day on. Plants presented normal aspects and exhibited shoots and roots well-developed at 40 days (Figure 3) .
The germination percentage and the germination speed index (GSI) were higher when seeds were inoculated in MS medium with no GA 3 addition, exhibiting 60% germination percentage and 0.03 GSI (Table 1) Figure 3 . Z. elegans seeds inoculated onto MS culture medium at 13 days after inoculation, observing the protruded rootlet (arrow) (A) and at 21 days with the development of primary root (B). Development of secondary roots (arrow) (C) and formed plant at 40 days after in vitro germination (D). The initial water content of Z. elegans seeds was 9%. After 3 hours dehydration in silica gel and laminar flow, the water content was 4.1% and 3.3%, respectively. There was a low germination percentage for seeds subjected up to 2-hour drying and cryopreservation, with 22.75% silica and 18.18% laminar flow values when compared to controls (Table 2) . Thus, Z. elegans seeds may be dissected in moisture levels by 4% and subsequently cryopreserved with no loss of the germination potential. 
Figura 2. Porcentagem de germinação de sementes de Z. elegans em diferentes meios de cultura (MS e WPM). Barras seguidas de letras diferentes mostram uma variação significativa entre os tratamentos e as barras nos gráficos representam o erro padrão da média de acordo com o teste exato de Fisher (P ≤ 0,05). (n = 30).

Figura 3. Sementes de Z. elegans inoculadas em meio de cultura MS aos 13 dias após a inoculação observando a radícula protrundida (seta) (A) e aos 21 dias com o desenvolvimento de raiz primária (B). Desenvolvimento de raízes secundárias (seta) (C) e a planta formada aos 40 dias após a germinação in vitro (D).
DISCUSSION
The light weight observed in Z. elegans seeds makes it easy to disperse, since it can be considered anemocoric. However, as the flowering and dispersion period is longstanding, there are some adjusts in the number of seeds produced by the mother plant to maintain a relatively constant supply of assimilated (MARCOS FILHO, 2005) .
The higher percentage using MS medium may be explained due to the existence of a greater macronutrient availability in the formula, with high concentrations of total nitrogen, calcium, manganese, and zinc, besides micronutrients, vitamins, and amino acids required for the germination process (PINHEIRO et al., 2001; MOREIRA et al., 2012) . The culture medium WPM has lower concentrations of total nitrogen (ROCHA et al., 2007) and only 45% of the total ionic strength of MS medium (NUNES et al., 2002; OLIVEIRA et al., 2011) . Thus, it is important to know the nutritional requirements which affect the germination of each species seeds to be successful at establishing in vitro plants.
The presence of GA 3 had no beneficial effects on the germination of Z. elegans seeds, which means that the concentrations of gibberellins did not promote positive responses. These results corroborate those found by Carvalho et al. (2012) who worked with Passiflora gibertii seeds cultivated in culture medium with GA 3 and found that the seeds were able to germinate regardless the addition of the growth regulator. Valio (1976) described that the gibberellin when applied on the culture medium where seeds have already high concentrations of endogenous gibberellin may delay root protusion, and the decrease of germination might be related to the inhibition of hydrolytic enzymes by products of reactions catalyzed by enzymes induced by endogenous gibberellin.
For the long-term storage of seeds, the survival after thawing depends on the quality, physiological status, and water content of seeds (HUEHNE and BHINIJA, 2012) . The water content is a meaningful factor for the successful cryopreservation. Thus, it is essential to prevent the formation of ice crystals in the intracellular environment, protecting the embryo against damages which might be lethal (HIRANO et al., 2005) . The temperature between -15º C and -60º C is considered to be critical, since this is the range in which there is nucleation and formation of ice crystals from the free water in cells. Additionally, the explant is subjected twice to these temperature ranges, the first one during cooling, and the second one during reheating (MAZUR, 1984) .
Thereby, seed dissection has advantages like: it is a simple, non-toxic, and low cost method. However, it is important to set the dehydration threshold for each species because the excessive dehydration may cause losses in germination potential as a consequence of damages related to the metabolism of the embryo (PAMMENTER et al., 1998; WALTERS et al., 2001; BERJAK et al., 2012) .
In the present study, Z. elegans seeds subjected to desiccation for up to 2 hours in silica gel and laminar flow presented 6% and 4.3% water content, respectively, and germinated after cryopreservation. These are the water ranges in which cryopreservation is considered to be a proper method to store the seeds of this species (CAVALCANTI-MATA, 2001; ENGELMANN, 2011). For many terrestrial and epiphytes species, cryopreservation depends on the water content being reduced to a critical point (PRITCHARD, 1984; PRITCHARD et al., 1999; NIKISHINA et al., 2001; ) . In Dendrobium candidum (Orchidaceae) seeds, for instance, a high survival rate (around 95%) was obtained when the water content of seeds decreased to 8% and 9% before cryopreservation (WANG et al., 1998) . A high survival rate was also obtained in Bletilla formosana seeds when the water content decreased from 24.8% to 1.9% (HU et al., 2013) .
CONCLUSIONS
The in vitro cultivation of Z. elegans on MS medium with no addition of growth regulator GA 3 favors seed germination with a 67% germination percentage. Z. elegans seeds can be cryopreserved with a water content threshold between 6% and 4%. 
